Traffic congestion in urban areas is becoming part of our daily life in developed countries, as well as in most of the developing countries. Traditional methodologies to manage congestion are not fulfilling the requirements. Limited financial resources and restricted right of way make this statement truer for developing countries. This paper evaluates low cost "Indirect Right Turn Treatment" to reduce conflicts and congestion at signalized intersections in urban areas. Volume and travel time studies were conducted at three signalized intersections in Islamabad (Capital city of Pakistan), where indirect right turn treatments were applied. Travel time study was done using GPS device. It should be noted that traffic operates on left hand side in Pakistan i.e. right turning movements are signalized. To monitor the traffic flow and driver behavior video recordings were also done on each intersection during the peak hours. Microscopic simulation model (VISSIM) and field travel time runs were used to evaluate before and after scenarios. It is found that at some locations, application of indirect right turn reduce travel time and increase the vehicle output. However, at one intersection the implementation of indirect right turn treatment resulted in increased travel times and reduced vehicle output. This is because of the number of vehicles affected by the closure of intersection are higher and also the movement of vehicles at the u-turns was effected by on-street parking. It was also observed that U-turns provided at all locations are not properly design, which elevates the safety issues.
Introduction
The main goal of the transportation system is to move people and goods efficiently and safely. Safety and performance indicators provide input to the methodology for ranking the system analytically. The urban transportation networks are becoming congested in developed as well as in developing countries. Most of the transportation engineers believe that congestion will stay and we have to live with it. Any alternative or solution for reducing the traffic congestion is constrained by limited financial resources and restricted right of way in urban areas. For developing countries, the financial support is the major concern. This paper is an effort to evaluate one of the low cost technique "Indirect Right Turns" to reduce conflicts and congestion at signalized intersections in urban areas. The field data were collected at three signalized intersections in the city of Islamabad (Capital city of Pakistan), where indirect right turn treatments were implemented.
Motivation for study
The Pakistan like most other developing countries is facing the problems of rapid traffic growth. Recent years have seen a mammoth increase in traffic volumes in Pakistan. The following are the main reasons for this traffic growth:
Car Financing: During last five years, the commercial banks in the Pakistan have focused on nothing more than leasing/financing cars at reasonable interest rates, which in turn have encouraged people of Pakistan to opt for vehicles of their own.
Population: Pakistan is heading to a situation of population outburst. The Pakistan has a population around 160 million. Population is increasing at rate of 1.96 percent.
Public Transportation System: All the major cities of the Pakistan including Islamabad lack proper public transport system. The local route buses available are in pathetic conditions and most of the time do not follow the schedule. This leaving the people no other choice but to go for their private vehicles Life Style: With the demanding nature of jobs and businesses at the present time, it has become a necessity rather a luxury to keep a personal vehicle.
Culture: About the decade ago, people of the Pakistan like to live together in a joint family system. That means all family members live in a one big house and shared vehicles for their daily activities. But now the joint family system has died out and most of the people have managed their separate houses and vehicles.
All these factors increase the traffic volume in the urban areas of Pakistan. The existing infrastructure of roads and intersections are unable to cope up with this traffic growth thus leading to congestion. Most of the local development authorities do not have financial resources to enhance capacity of the road network by constructing new infrastructure. This enforced them to look for low cost measurements to improve the traffic flow and operations.
The Capital Development Authority (CDA) is responsible for the operations of the road network in the capacity city of Islamabad. CDA with the help of local traffic police provides indirect right turns on the number of signalized intersections. It should be noted that traffic operates on left hand side in Pakistan i.e. right turning movements are signalized at signalized intersections. Therefore the term "Indirect Right Turn" is used instead of traditional "Indirect Left Turn". The main objective of this paper is to evaluate indirect right turn using field data and microscopic simulation results.
Background
Traffic congestion at the signalized intersections in urban areas and techniques to reduce it, is a foremost research topic in the field of transportation engineering. The funding for improving transportation systems is reducing consistently because of global economic crisis; therefore transportation engineers are looking for low cost treatments to reduce congestion from urban areas. A study by Xu (2001) examined unsignalized intersections on divided highways where a minor street accessed the highway at median openings. The author measured the collision reduction due to the elimination of direct left turns from the minor streets by forcing drivers to turn right and make a U-turn. The study results showed that implementing this treatment decreased the total crash rate by 26% and the injury/fatality crash rate by 32% for six-lane arterials. According the author u-turns at signalized intersections on major arterials degrade level of service and may cause serious conflicts with right-turning vehicles. Federal Highway Administration (FHWA) published the information guide for signalized intersections (2004) . The guidelines are given related to the median openings and providing u-turns to eliminate left turns. According to this guide, median u-turns may be provided on both the major and minor roads at an intersection.
The state of Michigan in USA is well-known related to median u-turns. The Michigan Department of Transportation (MDOT) provides the design guidelines for the median u-turns. MDOT (2008) suggested the following:
Median u-turn lanes should be designed to accommodate the design vehicle.
Appropriate deceleration lengths and storage lengths should be provided.
Optimal location for the crossover is 170 to 230 m from the main intersection Gluck et.al (1999) studied the impact of access management techniques. They compared safety aspects of the corridors having directional median openings to facilitate u-turns and left turns with corridors having full median opening to facilitate all movements. They found 49 to 52 percent less accidents for corridors having more than one traffic signal per mile. According to the authors, median u-turn crossover configuration eliminates all crossing conflict points and as well as number of merge/diverge conflict points. Hummer et.al (1999) presented the unconventional alternatives for left turns. They found that median u-turns reduce the number of stops for mainline through movements. Authors suggested that the median crossovers can be signalized or unsignalized and signalized crossovers can be synchronized with the other signals in a corridor to provide progression. The study recommended that if a traffic signal is installed at a median u-turn, the median should be designed to accommodate the maximum design queue to avoid spillover to the main line. Reid et.al (1999) compared the median u-turn crossovers with Two-Way Left-Turn Lanes (TWLTL) using microscopic simulation model. The results of the study showed that during peak hours travel times reduces by 17 percent and average speed increased by 25 percent for median u-turns. Similar trends were found for non peak hours. FHWA (2005) examined the safety and operational benefits of median u-turn as intersection treatments. It was found that reduction in signal phases increase the capacity and improve the level of service. Similarly, there were 20 to 50 percent reduction in crashes.
Hence, number of studies were done to evaluate the median u-turn crossovers. All the studies compare the median u-turn crossovers with the signalized or unsignalized intersections operating with reduced number of conflicts and restricted turning movements. The treatment evaluated in this paper is different than the previous studies as in this treatment the signalized intersection is completely closed and all the turning movement are forced to use median u-turns regardless of minor or major road movements. This treatment is known as "Indirect Right Turn". The details and configuration of this treatment are given in the following section.
Indirect right turn
Providing indirect right turns at signalized intersections is consider as the low cost traffic management technique. Traditionally, in this technique some of the turning movements at the intersection were made prohibited to reduce the conflicts and to make the signal timing more efficient. However, this technique is used at the signalized intersections in the city of Islamabad in completely different manner. Instead of prohibiting some turning movements, the intersection was closed and the following movements were prohibited:
All right turning movements from major and minor roads (Note: right turns are signalized in left hand driving system) Through movements from minor road.
To clarify it more, figure 1 shows the la Figure 1 Intersection layout before and after
Study locations
The indirect right turn technique has b Islamabad. The Islamabad traffic police wa close three intersections within a month and selected for the data collection, as it prov conditions. Figure 2 shows the aerial view commercial area and there are big shopping be noted that the decision to block the inte upon general observations by traffic polic conducted to evaluate the performance of ind ions in the city of y have the plan to ese locations were r before and after are located in the ool zone. It should e medians is based traffic study was
Data collection
The data was collected for before and each scenario and data collected. 
Traffic volume study
The pervious available volume data w for site 1 (Located near the school zone) peak commercial area), peak hour was found to o data during the peak hour for each moveme shows the location of the manual counters an 
Travel time study
The travel time is an important factor i obtained by certain roadway improvements. using a vehicle-mounted transmission senso equipment was used to collect various types after scenarios for the three locations. Figure 3 lculation of benefit data was collected combination. This g, and intermediate event node (Intersections, U-Turn) points. The collected data from the travel time runs was compiled using the computer software program PC-TRAVEL (2007). The travel time runs were done for all movements for both scenarios (Signalized intersection and Indirect Right Turn). Figure 4 shows the starting, ending and nodes used for travel time runs for site 2 for both scenarios. Similar travel time runs were conducted for other two locations. It should be noted 10 travel time runs were done for all movements. 
. Traffic volume
As discussed in previous section, manual counts as well as video recording were done during the peak hour at all intersections. After reviewing the video recordings, turning volumes were balanced and filtered with the help of manual counts. Figure 5 shows the turning movement counts for all three sites and for both scenarios. 
Results and Discussion
The following measures of effectiveness were used to evaluate each scenario for all sites.
Travel time in seconds for each approach and movements. This travel time was measured in field using vehicle-mounted transmission sensor and a GPS receiver. It should be noted that to minimize the variation 10 runs were done for all approaches.
Both scenarios for the three sites were coded in VISSIM Microscopic Simulation Model (2009). VISSIM uses variable links and connectors to construct streets and intersections. Multiple geometric, signal timing, and/or safety improvements can be tested and their effectiveness compared to each other. The VISSIM enables the user to model left hand side traffic (traffic direction in Pakistan) and any type of traffic mix. The other reason to use VISSIM for this study is that we have a calibrated VISSIM model for local traffic conditions in Pakistan. This calibration study was done by Sultan (2009). He recommended the some of the default variable related to drivers' behavior and lane changing to calibrate and valid it for local traffic conditions in Pakistan. This study was also done for the city of Islamabad. Table 2 shows the comparison of travel time and number of vehicles passed through each approach during one hour of simulation. It should be noted that the field measured travel time is not significantly different than the microscopic simulation results. This verifies that the VISSIM microscopic simulation model is calibrated for the local traffic conditions. Table 2 Comparison of Travel time and vehicle output for all sites For site 1 and 2, closing the intersection and providing indirect right turn through the median reduces the travel time and increase the number of vehicles discharged. In particular at site 2, travel time reduces significantly. Whereas the results for site 3 are contradictory to what, we are getting for site 1 and 2. The travel time increased and vehicle output is decreased for indirect right turn scenario at site 3. This is because of the total number of vehicles, which have to change the path and travel more distance because of the intersection closure, are more for site 3 as compare to site 1 and 2. Table 3 shows the numbers of vehicles affected by intersection closure. Other than that at west approach of site 3, the flow of traffic near the u-turn was considerably affected by the on-street parking. 
Conclusions and recommendations
This paper presents the evaluation of low cost technique "Indirect Right Turn" by using field data and microscopic simulation results. The following may be concluding based on the results thus far:
The indirect right turn technique provides lower travel time and higher number of vehicle output as compare to signalized intersections. However, if the total number of affected vehicles because of the closure of intersection is higher than the travel time get worst and number of vehicle discharge from the network is reduced. For example for site 3, the signalized intersection provides lower travel time as compare to indirect right turn scenario.
The travel time measured on the field is not significantly different than travel time obtained through microscopic simulation model.
There should be an adequate median width to provide u-turns.
On street parking should not be allowed near the u-turns.
The low cost techniques to reduce the congestion from urban areas are beneficial. However before implementing any technique a proper evaluation study should be done. 
